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ABSTRACT 
Navigational collisions are one of the major safety concerns in many seaports. To 
address this safety concern, a comprehensive and structured method of collision risk 
management is necessary. Traditionally management of port water collision risks has 
been relied on historical collision data. However, this collision-data-based approach is 
hampered by several shortcomings, such as randomness and rarity of collision 
occurrence leading to obtaining insufficient number of samples for a sound statistical 
analysis, insufficiency in explaining collision causation, and reactive approach to safety. 
A promising alternative approach that overcomes these shortcomings is the navigational 
traffic conflict technique that uses traffic conflicts as an alternative to the collision data. 
This paper proposes a collision risk management method by utilizing the principles of 
this technique. This risk management method allows safety analysts to diagnose safety 
deficiencies in a proactive manner, which, consequently, has great potential for 
managing collision risks in a fast, reliable and efficient manner. 
 
 
1. INTRODUCTION 
 
Navigational collisions are one of the major safety concerns in many seaports. Collisions 
account for a substantial portion of major shipping accidents in port waters, as reported 
in many studies (Darbra and Casal, 2004; Goossens and Glansdorp, 1998; Liu et al., 
2006; Yip, 2008). Collisions are also identified as one of the most severe types of 
accidents in maritime domain (IMO, 1998). Furthermore, growth of shipping traffic over 
the past decades (Soares and Teixeira, 2001) is likely to result in increased traffic 
movements within port waters, which in turn could increase collision risk in such waters 
(Chin and Debnath, 2008). More importantly, due to increase in ship sizes (Faulkner, 
2003) larger ships have reduced maneuverability and thus face consequent increase in 
risk of collision in port waters (Akten, 2004). This continually increasing safety concern 
warrants a comprehensive and structured method of collision risk management (CRM). 
Aiming at establishing risk control strategies to reduce the frequency and 
consequences of collisions, CRM is a continual process that involves identification, 
assessment and prioritization of safety hazards or hazardous locations which eventually 
help to recommend safety measures after a cost-benefit analysis. For enhancing 
maritime safety, the International Maritime Organization (IMO) has promoted the use of 
Formal Safety Assessment (FSA), which is a structured and systematic methodology of 
risk management in shipping industry. FSA is a process of identifying hazards, assessing 
risks and generating safety measures to manage risks in a cost-effective manner. It has 
been broadly employed to deal with safety problems in the context of port operation 
(Trbojevic and Carr, 2000), assessment of individual ship safety (Lois et al., 2004; Wang 
and Foinikis, 2001), ship design (Lee et al., 2001), regulations formulation (DNV, 1997a; 
IMO, 1997) and rule amendments (DNV, 1997b). To put focus more closely on managing 
collision risks in port waters, it is necessary to develop a similar method of risk 
management. 
Traditionally, management of collision risks in port waters has been relied on 
historical collision data. A number of studies have used this approach to examine trends 
and causes of collisions (Akten, 2004; Darbra and Casal, 2004; Goossens and 
Glansdorp, 1998; Liu et al., 2006; Yip, 2008) whereas some have examined 
consequences (Darbra and Casal, 2004; Talley, 2002; Yip, 2008). This collision-data-
based approach is often hampered by several limitations, as identified by Debnath and 
Chin (2010). Firstly, a sufficiently large number of collisions are required to obtain 
statistically sound results from collision analysis, which requires a long waiting period. 
Therefore, it is not suitable for short-term risk management. Moreover, in case of 
managing risk in a particular location the number of collisions becomes even smaller. 
This low sample problem often restricts the use of robust statistical techniques (e.g., 
regression tools) in risk management. Secondly, this approach has been criticized as 
reactive and unethical because it requires sufficiently large number of collisions to take 
place first, before any preventive or corrective measures are taken. Finally, it is not 
always rational to merely rely on collision counts for explaining collision causation since 
collision is an outcome of a complex process of interactions involving vessels, pilots, 
crews, port operators and marine environment.  
A promising alternative approach that overcomes these abovementioned 
shortcomings is using navigational traffic conflicts as an alternative to the collision data. 
Debnath and Chin (2006) proposed Navigational Traffic Conflict Technique (NTCT) as an 
alternative to the traditional collision-data-based approach and discussed its suitability 
and validity  in quantitative measurement of collision risks in port waters in Debnath and 
Chin (2010). The key advantage of using NTCT is having a larger database within a 
shorter period of time as conflicts occur considerably more frequently than collisions, 
thus it overcomes the limitations pertaining to the low sample problem. The NTCT is also 
an ethically appealing alternative to the traditional approach for fast, reliable and 
effective risk management. 
This paper aims to develop a framework of collision risk management method by 
applying navigational traffic conflicts as an alternative to the collisions. By utilizing the 
principles of the NTCT, the framework is proposed for proactive management of collision 
risks in port waters. In the rest of the paper, the principles of NTCT are described first, 
followed by the proposed framework of risk management and concluding remarks. 
 
 
2. NAVIGATIONAL TRAFFIC CONFLICT TECHNIQUE 
 
The NTCT assesses collision risk by analyzing critical vessel interactions in a waterway. 
This is accomplished by a two step procedure. In the first step, collision risk in an 
interaction is measured by developing a quantitative measure of conflicts. An ordered 
probit model of the risk of collision in an interaction is developed for this purpose. The 
second step involves developing a method for measuring collision risk in waterways. 
This is accomplished by statistically characterizing all interactions in a waterway and 
identifying the interactions with high potential of collisions. This risk assessment method 
has been illustrated and validated for fairways in Singapore port in Debnath and Chin 
(2010). 
 
 
2.1 Measurement of Collision Risk in an Interaction 
 
A quantitative measure of navigational traffic conflicts (NTC) is obtained by employing 
two proximity indicators in a two-vessel interaction. These indicators, Distance at Closest 
Point of Approach (DCPA) and Time to Closest Point of Approach (TCPA), represent 
spatial and temporal closeness between a pair of vessels. DCPA and TCPA are 
respectively the probable distance between a vessel pair at their Closest Point of 
Approach (CPA) and time required to reach CPA, given that the course and speed of 
both vessels remain unchanged.  
The risk of collision in an interaction at a particular time t , is expressed as a 
relationship between the risk and the two proximity indicators, 
 
( ) ( )( )tftC PIX=  (1) 
 
where ( )tC  is the risk of collision in an interaction at time t  and ( )tPIX  is a vector of the 
proximity indicators. 
The relationship can be obtained by employing expert judgments on collision risks, 
which can be collected through a risk perception survey on harbor pilots. Chin and 
Debnath (2009) developed such a survey, where pilots were asked to rate collision risks 
in different vessel interactions, which are explained by the two proximity indicators. An 
ordered probit model was employed to develop the relationship (see Chin and Debnath, 
2009 for details), which express )(tC  as probability of collision in an interaction for given 
values of proximity indicators. The conflict severity of a particular interaction ( maxC ) is 
represented by the maximum value of ( )tC  throughout the interaction process. 
 
2.2 Measurement of Collision Risk in a Waterway 
 
Before the maxC  values of different interactions in a waterway are used to measure the 
collision risk in that waterway, it is necessary to eliminate the interactions which do not 
produce any significant risk of collision. The ship domain (SD), the surrounding effective 
waters around a vessel that a pilot wants to keep clear of other vessels (Goodwin, 1975), 
can be employed to define the truncation point. Therefore, only the interactions, where 
vessels are within SD of each other, are useful for measuring risk of collision in a 
waterway. To characterize the maxC  values, a probability distribution function (PDF) of 
maxC can be obtained based on a set of standard truncated distributions, such as 
negative exponential, gamma, weibull, lognormal, and loglogistic. The maxC  values are 
converted to ( )( )maxmax 1/1 CC −=′  in order to obtain a right-skewed PDF which is left-
truncated at 1max =′C  and asymptotic towards right. To obtain the best-fitted distribution, 
the Anderson-Darling test is employed.  
Once the PDF of maxC′ ( )( )maxmax CfC ′′  is obtained, its cumulative distribution function 
(CDF), ( )( )maxmax CFC ′′  can be obtained by considering the proportions of non-conflict and 
conflict encounters. The non-conflict encounters, where vessels have diverging 
trajectories although they are within SD of each other, are presented as a probability 
mass function ( )0p . In contrast, the conflict encounters are presented as ( )maxmax CfC ′′ . 
Therefore, the area under the ( )maxmax CfC ′′  equal to ( )[ ]01 p− , which yields the CDF as 
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where SDC  is a constant value (=1) of maxC′  at truncation point. 
By setting a threshold value ( )τ , which separate the serious conflicts from the non-
serious ones (Chin and Quek, 1997), the risk of collision in a waterway can be measured 
in terms of probability of a serious conflict per encounter. A serious conflict corresponds 
to an encounter that may pose risk of a certain collision. Therefore, the risk of collision in 
a waterway can be expressed as 
 
( ) ( )ττ τFCpPc −=>′= 1max   (3) 
 
Since the risk of collision in any vessel interaction may vary with the size of vessels 
involved, it is necessary to consider the effects of vessel sizes in measurement of 
collision risk. For this purpose, a distribution of threshold values needs to be considered 
following a distribution of different vessel classes according to size of vessel. 
The Pc represents collision risk in terms of probability of serious conflict per 
encounter at a specific time period in a waterway, thus becomes a useful basis of 
comparing the states of safety in different waterways or time periods. 
To assess the validity of the NTCT in measuring risk of collision, Debnath and Chin 
(2010) proposed a method of evaluating correlations between the measured risks in 
waterways and those perceived by pilots. A risk perception survey, where pilots are 
asked to perceive the risks in waterways, were designed and illustrated in Debnath and 
Chin (2009). An illustrative example of using NTCT in measuring collision risks in the 
fairways, anchorages, and intersections in Singapore port waters (Debnath, 2009) 
shows that the NTCT is valid for measuring risk of collision in waterways. 
 
 
3. TRAFFIC-CONFLICT-BASED COLLISION RISK MANAGEMENT 
 
Following the principles of NTCT, a six-step method of collision risk management (CRM) 
is proposed, as shown in Figure 1. This method does not rely on historical collision data, 
rather uses traffic conflicts and expert judgments for identification of hazards, 
assessment of risk and evaluation of safety measures. Thus, it retains the proactive 
nature of NTCT in risk management. The procedures of this method are discussed in 
subsequent sections. 
 
3.1 Hazard Identification 
 
The first step in the CRM method aims to identify and rank collision-risk-prone areas in 
port waters. Expert judgments on collision risks in waterways could be useful basis of 
identifying the areas. The expert judgments can be collected through a risk perception 
survey on harbor pilots and port operators, where the interviewees can be asked to rate 
collision risks in different areas of port waters. The pilots and port operators are very 
familiar with the characteristics of port waterways since they are the one who deal with 
and manages the risks, thus it expected that they would be able to perceive the risks 
best. 
The survey technique developed in Debnath and Chin (2009) could be useful for this 
purpose where intensity of risk is expressed by categorizing risk into five subjective 
levels on a risk scale. The basis of categorization is the likelihood of a close quarter 
situation (CQS) in a waterway. A CQS is a critical incident that poses risk of collision but 
not necessarily involve a collision. Conceptually, it is similar to a serious conflict. 
Respondents of the survey are asked to rate collision risk in different areas of port 
waters by using the subjective risk scale. 
For identification of risk-prone areas in port waters, the perceived risks obtained 
from the survey can be employed. Based on the magnitude of average perceived risks, 
the risk-prone areas can be ranked which will provide a preliminary basis of prioritizing 
the areas for the further steps in this CRM method. 
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Figure 1.  Block Diagram of Collision Risk Management Method 
 
3.2 Risk Assessment 
 
Based on the ranking of identified risk-prone areas, the second step aims to assess the 
risk of collisions in each of the identified areas. Starting with the area with highest risk, 
risks of collision in all areas are to be assessed sequentially. 
The NTCT can be applied to quantitatively assess the risks by analyzing critical 
traffic interactions in the identified areas of waterways. Traffic movement data, which 
includes vessels’ positions, speeds, and headings, are necessary for analyzing the 
interactions. These data can be obtained from the Vessel Traffic Information System 
(VTIS), which is used by most of the modern seaports for management of vessel traffic. 
Current advancements in VTIS development allows a safety analyst to obtain detailed 
trajectories of all vessels plying within its radar range. Since the data are usually 
updated in every 2/3 seconds, it is possible to track even any small changes in the 
trajectories. Using traffic movement data of Singapore port, Debnath (2009) have 
illustrated and validated the use of NTCT in measuring collision risks in port waters. 
The measured collision risks from the NTCT can be directly used an indicator of 
safety in the areas. For this reason, it can be employed to compare the states of safety 
among different areas or time periods, or to evaluate a before-and-after study of 
navigational facilities. An example of comparing the levels of risk between day and night 
visibility situations has been illustrated in Debnath and Chin (2010). 
Apart from obtaining a risk value in the identified areas, this step identifies and 
quantifies the underlying causes and influences that affect the occurrence of collisions. A 
Fault Tree Analysis (FTA) could be useful for this purpose. By employing expert 
judgments, the likelihood of collisions can be quantified through generating a tree which 
logically represents a number of events and component failures that may contribute to 
cause a collision. From the FTA analyses, a rank of the causes can be established that 
will be inputted to the next step. 
 
3.3 Safety Measures Establishment 
 
Based on the rank of causes, safety measures (i.e., collision risk control options) are 
proposed in this step. A panel of safety analysts and experts in port operations can be 
employed for developing safety measures in relation to the identified causes and the 
geometry and regulatory control characteristics of the study area.  
Safety measures may take many forms, such as changes in waterway geometry or 
regulatory control options, implementing advisory or mandatory rules and regulations, or 
enhancing safety awareness among pilots and crews. Since changes in port waters may 
require following local and international guidelines, the panel may propose a number of 
alternative safety measures for each of the causes identified. 
 
3.4 Risk Reassessment 
 
Having proposed safety measures, the next step is to evaluate their effectiveness in 
terms of the degree of risk reduced. Therefore, the risk assessment step needs to be 
repeated for each of the measures. The risks of collision in the identified areas can be 
reassessed by implementing the NTCT in simulation environment. 
Recent advancements in navigational simulation allow implementing the safety 
measures and evaluate their effectiveness in ship-handling simulators. The state of the 
art simulation facilities, such as full-bridge simulator, automatic radar plotting aid, and 
electronic chart display and information system can be employed for the simulation 
exercise. In the exercise, pilots can be asked to maneuver vessels in simulators after 
implementing the safety measures virtually. Vessel trajectories can be obtained from the 
simulator and be used for measuring risk of collision using the NTCT, as explained in 
section 3.2. 
The measured risk from the simulation exercise and the one obtained in step 2 can 
be compared to obtain the amount of risk reduced after implementing a particular safety 
measure. Similarly, the effectiveness of all the proposed measures can be evaluated one 
after another and the measures can be ranked according to the degree of risk reduced. 
 
3.5 Cost-Benefit Assessment 
 
Among the effective risk-reducing safety measures, a cost-benefit assessment would 
help to determine whether the proposed safety measures are economically justified for 
implementation, and further to rank the possible safety measures according to benefit-
cost ratio (B/C ratio). In specific, this step requires to identify and quantify the benefits 
from the amount of risk reduced and the costs of implementing the safety measures. The 
benefits of reducing risk of collision can be identified by looking at the consequences of 
a collision or a near-miss, such as loss of human lives, property damage, environmental 
pollution, interruption in port activities, and loss in revenue. The potential benefits and 
costs of implementing a safety measure can be obtained and quantified by employing a 
panel of safety experts, port operators and economists. 
Based on the B/C ratios of the safety measures, the measures can be ranked 
accordingly. However, the method to quantify the benefits of safety measures have been 
criticized for ‘heartless’, for example, to calculate/estimate the monetary benefits of  
averting a fatality because this is associated with identifying the ‘value’ of a human life 
(Kristiansen, 2005). In addition, uncertainties may not be completely avoided in the 
quantification process. Therefore, the process of cost-benefit assessment of safety 
measures may require more attentions and future research efforts. 
 
3.6 Recommendations for decision-making 
 
The last step in the CRM method includes providing recommendations on safety 
measures based on the outcomes obtained in the previous steps. A panel of safety 
analysts and port operators can recommend the measures on the basis of the amount of 
risk reduced (found in step 4) and the B/C ratios (obtained in step 5).  
The above procedure of CRM (step 2 to 6) needs to be repeated for each of the 
risk-prone area according to the prioritized list obtained in step 1. A complete CRM is 
achieved once all the identified areas are examined. 
  
 
4. CONCLUSIONS 
 
A framework of traffic-conflict-based collision risk management method has been 
proposed in this paper for proactive management of collision risks in port waters. This 
method utilizes the principles of the Navigational Traffic Conflict Technique (NTCT) for 
assessing collision risks, instead of relying on the historical collision data. This traffic-
conflict-based risk management method is advantageous over the traditional collision-
data-based method, because the former treats safety proactively by managing risks 
before collisions occur. 
This risk management method allows safety analysts to diagnose safety deficiencies 
in a proactive manner, which, consequently, has great potential for managing collision 
risks efficiently. It also provides safety analysts an ethically appealing alternative to the 
traditional collision-data-based approach for fast, reliable and effective risk management. 
While there are numerous prospects of the NTCT for managing collision risks effectively, 
the concept of this technique is still in the developing stage. To fully utilize the potentials 
of this technique, future research efforts and corresponding supports from port 
authorities are necessary. 
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